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Human neurokinin-l receptor. 

(57) Recombinant human neurokinin-l receptor 
(human NKIR) is disclosed which has been 
prepared by polymerase chain reaction techni- 
ques. Also disclosed is the complete sequence 
of human NKIR complementary DNA ; expres- 
sion systems, including a CHO (Chinese hams- 
ter ovarian cell line) stable expression system ; 
and an assay using the CHO expression system. 

NKIR, also known as substance P receptor 
can be used in an assay to identify and evaluate 
entities that bind substance P receptor. The 
assay can also be used in conjunction with 
diagnosis and therapy to detennine the body 
fluid concentration of substance P in arthritis 
patients. 
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BACKGROUND OF THE INVENTION 

The present invention concerns cloned human neurokinin-! receptor (human NKIR) and recombinant hu- 
man NKIR. Neurokinin-! receptor is also known as substance P receptor. 

J. Yokota, et al.. J. Biol. Chem.. 264:17649 (1989) have reported cloned rat neurokinin-l receptor. N.P. Ger- 
ard, et al., J. Biol. Chem.. 265:20455 (1990), have reported human neurokinin-2 receptor. Cloned rat and bovine 
neurokinin-2 receptor have likewise been reported. See respectively, Y. Sasi. and S. Nakanishi, Biochem Bio- 
phys. Res. Comm., 165:695 (1989), and Y. Masu. et al.. Nature 329:836 (1987). Cloned rat neurokinin-3 receptor 
has also been reported by R. Shigemoto. et al., J. Biol. Chem.. 265:623 (1990), 

The above references, however, neither disclose or suggest the instant invention. In particular, the phar- 
macological profile of the human receptor differs significantly from the rat. Moreover, the rat neurokinin-l re- 
ceptor differs from the NKIR disclosed herein by 23 amino acids. 

Substance P is a naturally occuring undecapeptide belonging to the tachykinin family of peptides. Sub- 
stance P is a pharmacologically-active neuropeptide that is produced in mammals. Its characteristic amino acid 
sequence is illustrated in U.S. 4,680,283. As is well known in the art substance P and other tachykinins have 
been implicated in the pathophysiology of numerous diseases. Substance P ha3 been shown to be involved 
in the transmission of pain or migraine (see B.E.B. Sandberg et al.. Journal of Me dicinal Chemistry. Vol. 25. 
p. 1009 (1982)), as well as in central nervous system disorders such as anxiety and schizophrenia, in respiratory 
and inflammatory diseases such as asthma and rheumatoid arthritis, respectively, and in gastrointestinal dis- 
orders and diseases of the Gl tract, like ulcerative colitis and Crohn's disease, etc. (see 0. Regoli in "Trends 
in Cluster Headache." edited by F. Sicuteri et al., Elsevier Scientific Publishers, Amsterdam, 1987. pp. 85-95). 

The instant invention also concerns an assay protocol which can be used to determine substance P activity 
in body fluids. The assay can. also be used for identifying and evaluating substances that bind substance P 
receptor. Thus, the assay can be used to identify substance P antagonists and evaluate their binding affinity. 
Other methods includes that descnbed by M.A. Cascieri, et al., J. Biol. Chem.. 258-5158 (1983). 
By use of such methods, substance P antagonists have been identified. See. for example, R. M. Snider, et al.. 
Science, 251:435 (Jan. 1991) and S. McLean, et al.. Science, 251:437 (Jan. !99l). See also WO90/05525 which 
published May 31, 1990, which is hereby incorporated by reference. Methods to date have proven inferior, in 
part, for failure of the animal receptor (animal NKIR, NK2R or NK3R) activity to accurately reflect that of human 
neurokinin-l receptor. Furthermore, prior to this -i/^closure human NKIR has not been available in a purified 
fomn or in substantial isolation from NK2R and/or riK3R. 

Use of such neurokinin receptor sources can not accurately depict the affinity for human NKIR. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure I Fiill length amino acid sequence of human neurokinin-l receptor. 

Figure 2 Full length nucleotide sequence of the cloned human neurokinin-l receptor complementary DNA. 
Figure 3 Competitive binding of substance P (SP), substance K (SK) and human neurokinin-l receptor 
(NKIR) in COS assay. 

SUMMARY OF THE INVENTION 

Recombinant human neurokinin-l receptor (human NKIR) is disclosed which has been prepared by poly- 
merase chain reaction techniques. Also disclosed is the complete sequence of human NKLR complementary 
DNA; expression systems, including a CHO (Chinese hamster ovarian cell line) stable expression system; and 
an assay using the CHO expression system. 

NKIR, also known as substance P receptor, can be used in an assay to identify and evaluate entities that 
bind substance P receptor. The assay can also be used in conjunction with diagnosis and therapy to determine 
the body fluid concentration of substance P in arthritis patients. 

DETAILED DESCRIPTION OF THE INVENTION 

One embodiment of the invention concerns human neurokinin-l receptor, said receptor being free of other 
human receptor proteins. 

In one class this embodiment concerns human neurokinin-l receptor, said receptor being free of other hu- 
man proteins. 

Within this class, this embodiment concerns human neurokinin-! receptor from human cells such as glio- 
blastoma, said receptor oeing free of other protems. 
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In a second class, this ennbodiment concerns a protein comprising the 407 amino acid sequence depicted 
in Figure I. said protein being free of other human receptor proteins. 

Within the second class this embodiment concerns a protein consisting of the 407 amino acid sequence 
as shown in Figure I, 

5 The first embodiment also concerns a pharmaceutical composition for inhibiting the binding of substance 

P to cellular neueokinin-l receptor, said composition comprising an effective amount ofneurokinin-l receptor. 

The first embodiment also concerns a method of inhibiting the binding of substance P to cellular human 
neurokinin-l receptor, in a patient in need of such inhibition, comprising: 
administration of an effective amount of human neurokinin-l receptor. 

■w The use of such pharmaceutical compositions and methods for antagonising the binding of substance P 

to in vivo neurokinin-l receptor is disclosed in, for example, R. M. Snider, et al.. Science, 251:435 (Jan, 1991); 
S. McLean, et aL, Science, 251:437 (Jan. 1991); and WO90/05525 which published May 31, 1990, which are hereby 
incorporated by reference.: 

A second embodiment concerns a DNA sequence encoding human neurokinin receptor complementary 

15 DNA, said DNA, said sequence being free of other human DNA sequences. 

As will be appreciated by those of skill in the art. there is a substantial amount of redundancy in the set of 
condons which translate specific amino acids. Accordingly, the invention also includes alternative base se- 
quences wherein a codon (or codons) are replaced with another codon, such that the amino acid sequence 
translated by the DNA sequence remains unchanged. For purposes of this specification, a sequence bearing 

20 one or more such replaced codons will be defined as a degenetate variation. Also included are mutations (ex- 
change of individual amino acids) which one of skill in the art would expect to have no effect on functionality, 
such as valine for leucine, arginine for lysine and asparigine for glutamine. 

One class of the second embodiment the invention concerns the nucleotide sequence of complementary 
DNA, beginning with nucleotide 123 and ending with necleotide 1346 as shown in Figure 2. 

25 Within this class of the second embodiment is the DNA sequence that further comprises: 



10 20 30 40 50 60 70 

GAAAAAGCCT TCCACCCTCC TGTCTGGCTT TAGAAGGACC CTGAGCCCCA GGCGCCACGA CA6GACTCTG 

30 

80 90 TOO no 120 122 

CTGCA6AGGG GGGTTGTGTA CAGATAGTAG GGCTTTACCG CCTAGCTTCG AA 

or a degenerate variation thereof. I 

The second embodiment the invention concerns the partial nucleotide sequence of complementary DNA. 
as shown in Figure 2 or a degenerate variation thereof. 

A third embodiment of this invention concerns systems for expressing human neurokinin receptor. 
One class this third embodiment of the invention comprises: 
A plasmid which comprises: 

(a) a mammalian expression vector, such as pRcCMV, and 

(b) a base sequence encoding human neurokintn-l receptor protein. 

Within this class of the third embodiment the neurokinin-l receptor comprises the nucleotide sequence of 
complementary DNA, beginning with nucleotide 123 and ending with necleotide 1346 as shown in Figure 2. 

A second class of this third embodiment of the invention concerns a system for the transient expression 
of human neurokinin-l receptor (NKIR) in a monkey kidney cell line (COS). 

A third class of this third embodiment of the invention concerns a system for the expression of human neu- 
rokinin-l receptor in a Chinese hamster ovarian cell line (CHO). the system comprising a vector comprising hu- 
man neurokinin receptor (NKIR) cDNA. 

Within this class of the third embodiment is is the sub-class wherein the expression system includes 
A plasmid which comprises: 

(a) a mammalian expression vector, such as pRcCMV. and 

(b) a base sequence encoding human neurokinin-l receptor protein. 

Within this sub-ctass the neurokinin-l receptor comprises the nucleotide sequence of complementary DNA, 
beginning with nucleotide 123 and ending with necleotide 1346 as shown in Figure 2. is subdosed into the vector 
pRcCMV. 

A forth embodiment of the invention concerns a method of using any of the above expression systems for 
determining the binding affinity of a test sample for human neurokinin-l receptor. 

In one class this embodiment concerns a method of using a Chinese hamster ovarian cell line, said line 
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transplanted with a plasmid. which plasmid comprises; 

(a) vector pRcCMV, and 

(b) the base sequence encoding hunnan neurokinin-l receptor protein, the method which comprises: 
(i) expressing human neurokinin-l receptor in said CHO cells; 

5 (2) addition of a test sample to a solution containing '25|-substance P and said cells; 

(3) incubating the products of Step (I), wherein said incubation effective for expressing said the human 
neurokinin-l receptor and effective for competitive binding of said '25|-substance P and said test sample 
to said human neurokinin-l recep^ 'jr: 

(4) separating said '^sj-substance P which is bound to said human neurokinin-l receptor from said '^^j- 
w substance P which is not bound; 

(5) measuring the radioactivity of said '25|-substance P which is bound to said human neurokinin-l re- 
ceptor 

In a second class this embodiment concerns a method of using a Chinese hamster ovarian cell line (CHO), 
said line transplanted with a plasmid which plasmid comprises 
15 (a) vector pRcCWV, and 

(b) the "ase sequence encoding human neurokinin-l receptor protein, the method comprising; 

(1) ' *essing human neurokinin-l receptor in said CHO cells; 

(2) t-^}uilibrating the product of Step (I) with ^H-myoinositoi; 

(3) washing the product of Step (2); 

20 (4) incubating the product of Step (3) with a test sample in the presence of 10 mM LiCI. which results in 

the production of inositol monophosphate; 
(5) measuring the inositol monophosphate. 
In overview, the present invention describes methods to isolate the human rieurokthin-l receptor (human 
r, tR) complementary DNA (cDNA) without prior knowledge of its protein sequence or gene sequence. Human 
25 NKIR is a membrane receptor for the neurotransmitter substance P. Polymerase chain reaction (PCR) techni- 
que was utilized for the isolation of human NKIR cDNA. In the approach, the regions of rat NKIR Applicants 
thought to be similar to human NKIR were identified, oligonucleotide primers corresponding to those region were 
designed. PCR amplification was canried out to obtain part of the NKIR cDNA from human cells, and its DNA 
sequence was detennined. The remaining part of the human NKIR cDNA was obtained from a human cDNA 
30 library utilizing the above sequence information of human NKIR cDNA. 

The complete sequence of the human NKIR cDNA was determined, and its encoded protein sequence was 
deduced. Among other things, such sequence information is useful in the process of developing novel sub- 
stance P antagonists. 

Three heterologous expression systems were used to express the cloned human NKIR cDNA. The Xeno- 
35 pus oocyte expilession enables one to determine the biological function of human NKIR, The COS (a monkey 
kidney cell line) expression can be used to measure the ligand binding properties of human NKIR. The CHO 
(a Chinese hamster ovarian cell line) stable expression is suitable for natural product screen to identify potential 
therapeutic agent or other substances that bind to substance P receptor. This cell line can also be used as an 
assay kit for determining the body fluid concentration of substance P in arthritis patients. 
40 Assay protocols use the heterologously expressed human NKIR for detemiination of the binding affinity 

and antagonistic activity of substance P antagonists. 

1) Isolation of human NKIR cDNA 

45 To isolate the human NKIR cDNA in the absence of its sequence infonnation, we developed methods to 

obtain three separate but overlapping cDNA clones in three steps, (i) We have adopted the homologous cloning 
strategy (Ohara et al., 1989. Proc. Nat. Acad. Sci.. 86;5673-5677) to isolate cDNA clones encoding the central 
core region of human NKIR, with the assumption that the human NKIR sequence is similar to the published 
sequence (Yokota et al., 1989, J. Biol. Chem., 264:17649-17652) of rat NKIR in certain areas where appropriate 

50 PC ^ rjrimers can be designed. Degenerate primers corresponding to the rat sequence were used in PCR am- 
plir idon (Mullis and Faloona, 1987. Meth. EnzymoL. 155:335) to obtain the cDNA encoding the central 
trnsmembrane core region of human NKIR from human mRNA. (ii) After detennining the sequence of the core 
region in human NKIR. new primers corresponding to the human sequence were designed and a second hom- 
ologous PCR amplification was performed using the human primer in the core region with degenerate primers 

55 corresponding to the N-terminal sequence of rat NKIR. The cDNA encoding the N-terminal region of human 
NKIR was thus obtained from human mRNA and its sequence was determined, (lii) An anchored PCR strategy 
was developed to isolate the cDNA encoding the C-terminal region of human NKIR, in which primers con*e- 
sponding to the core region of human NKIR were used in combination with a primer corresponding to the se- 
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quence of a cloning vector to obtain the cDNA from a human cDNA library. 

To confirm the authenticity of the cDNA encoding human NKIR. an independent PGR amplification was 
performed to obtain the full length cDNA in a single step using primers from the 5' and 3' untranslated regions, 

5 2) Expression of the cloned human NKIR 

Three expression systems were developed for the cloned human NKIR. An transient expression in Xenopus 
oocytes resulted from microinjection of in vitro transcribed mRNA from the cloned cDNA (Xenopus Laevis from 
XENOPUS ONE, Ann Arbor. Ml). This system allows the measurement of biological effect of NKIR activation 

w upon ligand binding. Another transient expression in COS (a monkey kidney cell line. ATCC CRL 1651, ATCC 
Rockville MD) resulted from the transfection of the cloned cDNA under the control of viral promoter into mam- 
malian cells (e.g., COS). The transfected cells are suitable for detennination binding affinity of human NKIR 
for various ligands. Stable expression of human NKIR in mammalian cells (e.g., CHO, a Chinese hamster ovar- 
ian cell line, ATCC CRL 9096, ATCC Rockville MD) was achieved after integration of the transfected cDNA 

15 into the chromosomes of the host cells. These stable cell lines will constituently express the cloned human NKIR 
and can be propagated infinitely. Therefore, stable expression system is very useful in large scale drug screen, 
and can be used to determine substance p concentration in the biopsy sample of patients. 

To establish a stable cell line expressing the cloned human NKIR. the cDNA was subcloned into the vector 
pRcCMV (INVITROGEN). 

20 The electrophysiological assay of human NKIR expressed in Xenopus oocytes was based on the fact that 

NKIR activates the phospholipase C upon substance P binding, and phospholipase C in turn increases the in- 
tracellular calcium concentration through inositol trisphosphate (IP3) and IPj-gated calcium channel on intra- 
' cellular membranes. The calcium increase activates calcium-gated chloride channels on plasma membranes 
which gives rise to a chloride current measurable by two electrode voltage clamp. 

;?5 The binding assay of human NKIR expressed in COS or CHO is based on the use of '-^l-substance P ('-^1- 

SP, from DU PONT. Boston. MA) as a radioactivety labeled ligand which compete with unlabeled substance p 
or any other ligand for binding to the human NKIR. Monolayer cell culture of COS or CHO was dissociated by 
the non-enzymatic solution (SPECIALTY MEDIA, Lavallette, NJ) and resuspended in appropriate volume of 
the binding buffer (50 mM Tris pH 7.5, 5 mM MnCU, 150 mM NaCI, 0.04 mg/ml bacitracin. 0.004 mg/ml leupeptin. 

30 0.2 mg/ml BSA, 0.01 mM phosphoramidon) such that 200 ul of the cell suspension would give rise to about 10,000 
cpm of specific '-^l-SP binding (approximately 50,000 to 200,000 cells). 

The activation of phospholipase C by NKIR can also be measured in CHO cells by determining the accu- 
mulation of inositol monophosphate which is a degradation product of IP.v 

In addition to large scale drug screening using the stable CHO cell line expressing the cloned human NKIR. 

,i5 other alternative applications are obvious. For example, the stable cell line can be used in the binding assay 
to determine the substance p concentration from biopsy samples. The human NKIR protein can also be injected 
into patients to reduce substance P concentration in some neurogenic inflammatory diseases. 

EXAMPLE I 

40 

Step A : 

In the first step of obtaining the cDNA encoding the central core region of human NKIR. human mRNA was 
prepared from three human glioblastoma cell lines T98G, CCF-STTGI and U87MG (obtained from the American 

45 Type Culture Collection. Rockville, MD) by the FASTTRACK method (INVITROGEN, San Diego. CA). Synthe- 
sis of first strand cDNA from 4 ug of human mRNA was initiated by oligo (dT) primers in a total volume of 20 
ul according to protocols of the BRL cDNA synthesis system (BRL, LIFE TECHNOLOGIES. Inc.. Gaithersburg. 
MD). Ten ul of the first strand cDNA was used as template with three rat primers (50 pmol rspr2s4. 50 pmol 
rspr2s4h. and 100 pmol rspr7a2; see Table I for their sequences) in a primary PCR amplification in a total volume 

50 of 100 ul according to the GENEAMP protocol (PERKIN ELMER CETUS. Norwalk. CT). Thirty cycles of PCR 
were perfonned using the following parameters: I min of denaturation at 94"C, 2 min of annealing at 40''C and 
4 min of extension at 72^C with 2 sec of auto extension. Ten ul of the primary PCR product was used as template 
with the same primers in a secondary PCR amplification under the same cycling conditions to further amplify 
the DNA. Ten ul of the secondary PCR product was used as template with three rat primers (50 pmol rspr2s4. 

55 50 pmol rspr2s4h. 50 pmol rspr7at and 50 pmol rspr7alh) in 30 cycles of tertiary PCR amplification with the 
following parameters: 1 min of denaturation at 94''C, 2 min of annealing at 45''C. and 4 min of extension at 72''C 
with 2 sec of auto extension. The tertiary PCR product was analyzed by agarose gel electrophoresis and was 
found to contain a 600 bp DNA fragment. This DNA fragment was excised from the gel. purified by GENECLEAN 
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(Bio tOI. La Joila. CA). phosphorylated. and subcloned into Snna I site of the plasmid vector 8LUESCR1PT SK+ 
(STRATAGENE. La Jolla. CA). The DNA sequence was determined by the Sequenase dideoxy chain termin- 
ation method (USBC. Cleveland. OH), Sequence alignment analysis showed that this cDNA fragment is similar 
(90% identity at nucleotide level) to the central core region of rat NKIR from amino acid 91 to 280. 

5 

STEP B : 

After determination of the core region sequence of human NKIR. five antisense primers were synthesized 
based on the human sequence (hspr3a5, hsprSal, hspr5a2, hsprSal and hspr6a2; see Table II for their sequenc- 

iQ es). These primers would be used to obtain the N-terminal cDNA sequence of human NKIR. One ug of human 
glioblastoma mRNA and 6 uM of each of the above primers was used in first strand cDNA synthesis in a total 
volume of 20 ul according the BRL cDNA synthesis protocols. The cDNA was extracted by phenol-chlorofonn, 
precipitated by ethanol and dissolved in 30 ul of water. Ten ul of the cDNA was used as template with two rat 
primers (50 pmol rsprn and 50 pmol rsprnh) and one human primer (150 pmol hsprSaS) in the primary PCR am- 

15 plification in a total volume of 100 ul. Thirty cycles were performed with the following parameters: I min dena- 
turation at 94 ^C, I min of annealing at 55''C. and 3 min of extension at 72^C. Five ul of the primary PCR product 
was then used as template with two rat primers (50 pmol rsprn and 50 pmol rsprnh) and one human primer 
(100 pmol hspr3a4) in 30 cycles of secondary PCR amplification with the same parameters. Two ui of the sec- 
ondary PCR product was used as template with two rat primers (50 pmol rsprn and 50 pmol rsprnh) and one 

20 human primer in 30 cycles of tertiary PCR amplification with the same parameters. The tertiary PCR product 
was analyzed by agarose gel electrophoresis and was found to contain a 500 bp fragment. This DNA fragment 
can hybridize with a human oligonucleotide (hspr3a2). indicating it is not a non-specific by-product. This DNA 
- ■ ' fragmentwasexcisedfromthegel, purified by GENECLEAN (Bio 101). phosphor/lated. and subclonedlnto Snna " 
I site of the vector Bluescript SK+. DNA sequence analysis revealed that this fragment encodes the human 

25 NKIR N-terminal region and it also contains 5' untranslated sequence. 

STEP C : 

In the third step, an anchored PCR protocol was developed in which the cDNA encoding the C-terminal 

30 region of human NKIR was obtained from a cDNA library using sense human primers and a primer correspond- 
ing to the vector sequence. Three ug of human glioblastoma mRNA was primed by 2.5 ug of oligo (dT) in the 
first strand cDNA synthesis in a total volume of 50 ul. followed by second strand cDNA synthesis according 
the BRL cDNA synthesis protocols. The cDNA product was then heated at 70'^C for 10 min. The yield of double 
stranded cDNA was determined by incorporating i.25 uM of ^-P-u-dCTp as tracer in the reaction. Four ul of T4 

J5 DNA polymerase was added to the reaction mixture and incubated at 3i^C for 10 min. The reaction was stopped 
by adding 16 ul of 250 mM EDTA, extracting with phenol/CHCl3, and precipitating with ethanol. The cDNA was 
dissolved in 50 ul of HE buffer (10 mM HEPES-ImM EDTA). Small size cDNA was removed by the Select-D(RF) 
SPIN COLUMN (5'T03'. Boulder. CO), and the large size cDNA was precipitated by ethanol and dissolved in 
36 ul of water. Four ul of 0.2 M Tris-tO mM spenmidine-l mM EDTA (pH7.5) was added to the tube and heated 

40 at 70"C for t min. The cDNA was phosphorylated by adding 5 ul of blunt-end kinase buffer (0.5 M Tris pH 9.5. 
0.1 M MgCl22. 50 mM DTT, 50% glycerol). 2.5 ul of 10 mM ATP. 2.5 ul of polynucleotide kinase, and incubating 
at 37-^0 for 30 min. The cDNA was extracted by phenol/CHCIa, precipitated by ethanol and ligated to EcoRI 
linker according to the PROMEGA ECORI linker ligation protocol (PROMEGA. Madison. WI). Linker-ligated 
cDNA was then tigated to calf intestinal phosphatase-treated EcoRI site of the vector BLUESCRIPT SK+. One 

45 ul of the ligated plasmid DNA was used as template in 30 cycles of primary PCR with two human primers (50 
pmol hspr6sl and 50 pmol hspr6s2) and 100 pmol of vector-specific primer t3 (obtained from STRATAGENE) 
with the following parameters: I min of denaturation at 94'^C. 2 min of annealing at 55°C. and 4 min of extension 
at 72''C with 2 sec auto extension. One ul of the primary PCR product was used in 30 cycles of secondary PCR 
amplification with one human primer (100 pmol hspr6s3) and the same vector-specific primer t3 under the same 

50 conditions. One ul of the secondary PCR product was used in 30 cycles of tertiary PCR amplification with one 
human primer (100 pmol hspr6s4) and 100 pmol of vector-specific primer SK (STRATAGENE) under the same 
conditions. A 780 bp DNA fragment was detected which also hybridized to a human oligo probe hspr6s5. This 
DNA fragment was excised from the agarose gel, purified by GENECLEAN (BIO 101), phosphorylated. and subcl- 
oned into Sma I site of the vector BLUESCRIPT SK+. DNA sequence analysis revealed that it encodes the C- 

55 terminal region of human NKtR and contains 3' untranslated sequence. 
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STEP D : 

Since three separate but overlapping cDNA clones encoding human NKIR were isolated above and the 
possibility of alternative pre-mRNA splicing exists, it is necessary to confirm the authenticity of the full length 

5 cDNA sequence by isolating a full length cDNA directly. Based on the above sequence in the untranslated re- 
gion, primers were synthesized which should give rise to a full length cDNA. Using the PERKIN ELMER CETUS 
RNA PGR amplification kit (Perkin Elmer Cetus), cDNA was synthesized from 1.5 ug of human glioblastoma 
mRNA in a total volume of 20 ul with 50 pmol of the human primer hspr3uta5. One half of the first strand cDNA 
was used as template in 30 cycles of primary PGR amplification with two human primers (50 pmol hspr3uta5, 

10 50 pmol hsprSutsI) with the following parameters: I min of denaturation at 94"G, 2 min of annealing at 55°G. 
and 4 min of extension at 55''C with 2 sec auto extension. Ten ul of the primary PGR product was used as tem- 
plate in 30 cycles of secondary PGR amplification with two human primers (50 pmol hspr3uta6 and 50 pmol 
hspr5uts2) under the same conditions. A 1350 bp DNA fragment was excised from agarose gel, purified by GEN- 
EGLEAN (BIO 101). digested with restriction endonucleases with EcoRI and Not I. and subcloned into the vector 

15 BLUESGRIPT SK+. DNA sequence analysis confirmed the general structure of the cloned human NKIR cDNA. 
The sequence of human NKIR CDNA is shown in Figure I. 

Table I: Primers based on rat NKIR sequence. The last letter "h" in some primers denotes that human codon 
bias was incorporated (Lathe, 1985. J. Mol. Biol., 183:1-12), The position number in the rat cDNA sequence was 
defined by Yokota et al. (J. Biol Ghem.. 1989. 264:17649-17652). 

20 



Name 


Sequence 


Position 


Direction 


rsprZs^ 


tgcatggctgcat tcaat 


238 


- 255 


sense 


rsprls^h 


tgcatggctgccttcaa 


238 


- 25/4 


sense 


rspr 7a2 


acagtagat:gatggggttgtacat 


918 


- 894 


antisense 


rspr 7al 


caggtagacctgctggatgaactt 


864 


- 841 


antisense 


rspr 7a Ih . 


caggtacacctgc tgga tgaactt 


seu 


- 841 


antisense 


rspm 


atggataacgtccttcctat 


1 - 


20 


sense 


rsprlih 


atggacaatgtgctgccca 


1 - 


19 


sense 



40 

Table II: Primers based on the human NKIR cDNA sequence. Position number is defined in the sequence 
listing in the text. The nucleotides in parentheses are not present in the human NKIR cDNA; they are restriction 
sites for subcloning purpose. 

45 



50 



55 
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Name 


Sequence 


Position 


Oi pection 


hspr3a2 


— ■ ' — 11.1—- ■ — 

gaagaagttgtggaac t tgca 


455 - 


435 


ant i sense 


hspr3al 


catggagtagatactggcgaa 


491 - 


471 


anti sense 


hspr3a4 


ggatgtatgatggccatgta 


532 - 


513 


anti sense 


hspr3a5 


actttggtggctgtggctga 


568 - 


549 


anti sense 


hsprSal 


atgcatagccaatcaccagca 


768 - 


748 


anti sense 


hsprSaZ 


catagtgtgattcccactac 


793 - 


774 


anti sense 


hspr6al 


tgcacaccacgacaatcatca 


888 - 


868 


anti sense 


hspr6a2 


ttgatgtagggcaggaggaa 


943 - 


924 


anti sense 


hspr6s 1 


gcaagtctctgccaagcgcaa 


836 - 


856 


sense 


h5pr6s2 


tgatgattgtcgtggtgtgca 


868 - 


888 


sense 


hspr6s3 


ttccacatcttcttcctcct 


912 - 


931 


sense 


h5pr6s4 


ctacatcaacccagatctct 


935 - 


954 


sense 


hspr6s5 


tctctacctgaagaagtt 


950 - 


967 


sense 


hspr3uta5 


caaggatggaatgttttccct 


1499- 


1479 


anti sense 


hspr3uta6 


(gacatgcggccgc )aacccatactgaccctttt 


1478 


- 1460 


anti sense 


hsprSutsl 


cctcctgtctggctttagaa 


16 - 


35 


sense 


hspr5uts2 


(gcgcagaattc)gtgtacagatagtaggctt 


86 - 


105 


sense 



Expression in Xenopus oocytes 

25 To express the human NKIR cDNA in Xenopus oocytes, the cDNA was cloned into an in vitro transcription 

vector BLUESCRIPT SK+ (STRATAGENE) which contains the T7 promoter for initiation of T7 RNA polymerase 
catalyzed RNA synthesis. One ug of linear plasmid DNA which contained the human NKIR cDNA downstream 
of the T7 promoter was used in the in vitro transcription reaction containing 40 mM Tris pH 7.5, 50 mM NaCl. 
8 mM MgCl2. 2 mM spermidine, 0.4 mM CTP. 0.4 mM ATP. 0.4 mM DTP, 0.16 mM GTP. 2.5 ul CAP analog 

30 (STRATAGENE), 30 mM DTT, I U RNase Block II (STRATAGENE). 0.83 pmol 32p-a-CTP and 25 U of T7 RNA 
polymerase. The reaction tube was incubated at ZT'^C for I hour. Usually 5 ug of RNA was synthesized as quan- 
titated by incorporation of ^^p-tt-CTP into RNA. After RNA synthesis, the plasmid DNA was removed by adding 
10 U of RNase free DNase and I U of RNase Block II. The reaction mixture was extracted by phenol/CHCIs. and 
the unincorporated nucleotides were removed by the Select-D(RF) spin column (5'T03'), The RNA transcript 

35 was precipitated by ethanol twice and dissolved in RNase free water. Oocytes were removed from Xenopus 
frogs, treated with 2 mg/ml collagenase (specific activity < 0.3 U/mg. BOEHRINGER MANNHEIM, Indianapolis. 
IN) in OR-2 buffer (82.5 mM NaCI, 2 mM KCI. I mM MgCIs. 5 mM HEPES. pH 7.4) for 4 hours at I9"C. The dis- 
sociated oocytes were incubated in OR-2 buffer supplemented by 1.8 mM CaCIa, 0.5 mg/ml gentamycin and 
0.5 mM theophylline at 19*^0 overnight before injection. A 50 nl aliquot contain 2 ng of RNA transcript was in- 

40 jected into each oocyte. The injected oocytes were incubated at I9''C for 2 days before electrophysiological re- 
cording (see Example 3 for assay method). 

Expression in COS 

45 To express the human NKIR transiently in COS, the cDNA was cloned into the expression vector pCDM9 

which was derived from pCDM8 (INVITROGEN) by inserting the ampicillin resistance gene (nucleotide 1973 to 
2964 from BLUESCRIPT SK+) into the Sac II site. Transfection of 20 ug of the plasmid DNA into 10 millions 
COS cells was achieved by electroporation in 800 ul of transfection buffer (135 mM NaCI. 1.2 mM CaCl2, 1.2 mM 
MgCl2. 2.4 mM K.HPO^, 0.6 mM KH2PO4. 10 mM glucose. 10 mM HEPES pH 7.4) at 260 V and 950 uF using 

50 the IBt GENEZAPPER (IBI. New Haven. CT). The cells were incubated in iO% fetal calf serum. 2 mM glutamine. 
lOOU/ml penicillin-streptomycin, and 90% DMEM media (GIBCO, Grand Island, NY) in 5% CO2 at 37''C for three 
days before the binding assay. 

Stable Expression in CHO 

55 

To establish a stable cell line expressing the cloned human NKIR, the cDNA was subcloned into the vector 
pRcCMV (INVITROGEN). Transfection of 20 ug of the plasmid DNA into CHO cells was achieved by electro- 
poration in 800 ul of transfection buffer suplemented with 0.625 mg/ml Herring spemn DNA at 300 V and 950 

ft 
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uF using the IBI GENEZAPPER (IBI). The transfected celts were incubated in CHO media [10 % fetal calf serum, 
100 U/ml penniciiin-streptomycin. 2 mM glutamine, 1/500 hypoxanthine-lhymidine (ATCC), 90% IMDM media 
(JRH BIOSCIENCES. Lenexa. KS). 0.7 mg/ml G4I8 (GIBCO)] in 5% CO. at 37'^C until colonies were visible. 
Each colony was separated and propagated. The cell clone with the highest number of human NKIR wa's se- 
5 tected for subsequent application in the assay of Example 3, 

Example 3 

Assay Protocol Using Oocytes 

w 

The oocyte was voltage-clamped at - 80 mV by the model 8500 intracellular preamp-clamp (DAGAN, Min- 
neapolis, MN). The receding chamber was continuously perfused with recording buffer (96 mM NaCI, 2 mM 
KCI, 1.8 mM CaCl2, 5 mM HEPES, pH 7.4). Chloride current was elicited by applying substance P (from 0.1 nM 
to 1000 nM) to the recording chamber. At least three oocytes were measured for each concentration. The an- 
;5 tagonistic activity of any potential substance P antagon ist can be assessed by determining the inhibition of sub- 
stance P response. Likewise, NKI agonists can be identified by their ability to stimulate a response in oocytes 
injected with NKIR mRNA but not in uninjected oocytes. 

Assay Protocol using COS or CHO 

20 

The binding assay of human NKIR expressed in COS or CHO is based on the use of '25|-substance P ('25|- 
SP. from DU PONT. Boston. MA) as a radioactively labeled ligand which compete with unlabeled substance p 
or any other ligand for binding to the human NKIR. Monolayer cell culture of COS or CHO was dissociated by 
the non-enzymatic solution (SPECIALTY MEDIA, Lavallette. NJ) and resuspended in appropriate volume of 

25 the binding buffer (50 mM Tris pH 7.5. 5 mM MnCi^. 150 mM NaCI. 0.04 mg/ml bacitracin. 0.004 mg/ml leupeptin. 
0.2 mg/ml BSA, 0.0! mM phosphoramidon) such that 200 ul of the cell suspension would give rise to about 10.000 
cpm of specific '25|.SP binding (approximately 50,000 to 200.000 cells). In the binding assay. 200 ul of cells 
were added to a tube containing 20 ul of 1.5 to 2.5 nM of '25|-SP and 20 II of unlabeled substance p or any other 
test compound. The tubes were incubated at 4X or at room temperature for I hour with gentle shaking. The 

30 bound radioactivity was separated from unbound radioactivity by GF/C filter (BRANDEL, Gaithersburg. MD) 
which was pre-wetted with 0.1 % potyethylenimine. The filter was washed with 3 ml of wash buffer (50 mM Tris 
pH 7.5. 5 mM MnCI.. 150 mM NaCI) three times and its radioactivity was determined by gamma counter. Illus- 
trative of this method of using these expression systems are the results shoen in Figure 3. These results show 
the competitive binding of substance P (SP). substance K (SK) and human neurokinin-1 receptor (NKIR) in the 

35 COS assay. ^' 

ALTERNATIVE PROTOCOL 

The activation of phospholipase C by NKLR can also be measured in CHO cells by detemnlning the accu- 
40 mulation of inositol monophosphate which is a degradation product of IP3. CHO cells were seeded in 12-well 
plate at 250,000 cells per well. After incubating in CHO media for 4 days, cells were loaded with 0.025 uCi/ml 
of 3H-myoinositol by overnight incubation. The extracellular radioactivity was removed by washing with phos- 
phate buffered saline. LiCI was added to the well at final concentration of 0.1 mM with or without antagonist, 
and continued incubation at 37''C for 15 min. Substance p was added to the well at final concentration of 0.3 
45 nM to activate the human NKIR. After 30 min of incubation at 37''C. the media was removed and 0.1 N HCl was 
added. Each well was sonicated at 4X and extracted with CHCl3/methanol (1:1). The aqueous phase was ap- 
plied to a I ml Dowex AG 1X8 ion exchange column. The column was washed with 0.1 N fonmic acid followed 
by 0.025 M ammonium formale-O.I N formic acid. The inositol monophosphate was eluted with 0.2 M ammonium 
fonmate-O.I N formic acid and quantitated by beta counter, 

50 



55 
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SEQUENCE LISTING 



5 (2) INFORMATION FOR SEQ 10 NO: I: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 122 base pairs 

(B) TYPE: nucleic acid 

10 (C) STRANOEDNESS: single 

(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cONA to mRNA 



20 



25 



30 



15 



40 



45 



50 



55 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 
GAAAAAGCCT TCCACCCTCC TGTCTGGCTT TAGAAGGACC CTGAGCCCCA 50 

5 

GGCGCCACGA CAGGACTCTG CTGCAGAGGG GGGrTGTGTA CAGATAGTAG 100 
GGCTTTACCG CCTAGCTTCG AA 122 
,0 (2) INFORMATION FOR SEQ 10 N0:2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANOEONESS: single 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 

(Ki) SEQUENCE DESCRIPTION: SEQ ID N0:2: 
TGCATGGCTG CATTCAAT 18 
(2) INFORMATION FOR SEQ ID N0:3: 



15 



20 



25 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pair^ 

(B) fYPE: nucleic acid 

(C) 5TRAMDEDNE5S: single 
(0) TOPOLOGY: 1 inear 

(ii) MOLECULE TYPE: 



35 



40 



50 



(xi) SEQUENCE DESCRIPriQN: SlQ 10 
TGCATGGCTG CCTTCAA 17 
(?) INFORMATION FOR SEQ m N0:4: 



(i) SEQUENCE CHARACTER [ S 1 1 C> : 
(A) LENGTH: 24 base pai rs 
45 (B) TYPE: nucleic acid 

(C) STRANOCDNCSS: single 
(0) TOPOLOGY: linear 



( i i ) MOI FCUI F TYPE: 



55 
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10 



15 



20 



30 



(XI) StgutNCE OESCRIPriON: SEg 10 N0:4: 
ACACrAGAfG ArGGGGTTGT ACAT 24 
(2) INFORMATION FOR SEQ ID N0:5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANOEONESS: single 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:5: 
CAGGTAGACC TGCTGGATGA ACTT 24 
(2) INFORHAnON FOR SEQ ID N0:6: 



(i) SEQUENCE CMARACTERISnCS: 
(A) LENGTH: 24 base pairs 
2^ (G) TYPE: nucleic acid 

(C) STRANOEONESS: sinqlo 
(0) TOPOLOGY: linear 



( i i ) MOLLCULh fYPL: 



(xi) SEQUENCL OrSCRIPnON: SCO tn rJ0:6: 

t 

35 CAGGfArlcC TGrTGGAK^A ATM 

{?.) [NFORMAFtON FOR SFQ 10 NO : 7 : 

(i) SKQUENCE CHARACTERESriCS: 
40 (A) LENGTH: 20 base pair-; 

(0) TYPF: nucleic acid 
(C) STRANOtONCSS: :;ingl^ 
(0) rOPOLOGY: liopar 

45 ( i i ) MOLtCULF TYPF: 



50 



55 
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(xi) SEQUENCE OFSCRIPTtON: SEQ ID N0:7: 
ATCGATAACG rCCTTCCfAr 
(2) [NrORMATION FOR SEQ 10 N0:8: 

(i) SEQUENCE CHARACTERFSriCS: 

(A) LENGTH: 19 base pairs 

(B) TYPE: nucleic acid 

(C) STRANOEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 



(xi) SEQUENCE OESCRIPTION: SEQ [0 N0:8: 

ATGa\CAATG TGCTGCCCA 

iZ) [NFORMATION FOR SEQ ID N0:0: 

(i) SEQUENCE CIHARACTLRI ST ICS: 
(A) LENGTH: 21 base pairs 
(0) TYPE: nucleic acid 
(C) STRANOEDNESS: single 
(0) TOPOLOGY: linear 

( i i) MOLLLULL FYPL : 



(hO SEQUENCE OESCRIPTION: SEQ 10 N0:0: 
OAAGAAGTTG 1 GGAAC TTCr A 
(?) [NfORMArtON FOR SFQ ID MO: 10: 

(i) SEQUENCE CHARACTtRlSTICS: 

(A) LENGTH: 21 base pair-. 

(B) TYPE: nucleic acid 

(C) STRANOEDNESS; sin.jlM 
{{)) lOPOi.OGY: linear 



( i i ) MOLECULE TYPE: 
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(xi) SEQUENCE OESCRIPTION: SEQ ID NO: 10: 
CATGGAGTAG ATACTGGCGA A 
(2) INFORMATION FOR SEQ 10 NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANOEONESS: single 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 



(xi) SEQUENCE DESCRIPTION: SEQ 10 NO: 11 
GGATGTATGA TGGCCATGTA 
(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTi*: 20 base pai rs 

(B) TYPE: nucleic acid 

(C) STRANOEONESS: single 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 



(x,) SEQUENCE OESCRlPriON: SEQ 10 MO : 1 

ACrTrCGTGG CrGIGGCrCA 

{?) [NFORHAnON TOR 10 : \ i: 

{]) SEQUENCE CHARAClERISriCS: 
(A) LENGTH: 21 ba-se pair-. 
(R) TYPF: nuc.U'\c -ricid 
(C) STRANUtONt;Vi: irv^le 
(0) TOPOLOGY: linear 

(i i ) MOLECULE lYf'E: 



14 
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(xt) SEQUENCE OESCRIPr[ON: SEO 10 NO: 13: 
ATGCArAGCC AATCACCAGC A 
(2) IMFORMATION FOR SEQ 10 NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANOEONESS: single 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14; 
CATAGTGTGA TTCCCACTAC 
(2) INFORMAnON FOR SEQ in NO: 15: 

(i) SEQUENCE C^iARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANOEONESS: single 
(0) TOPOLOGY: linear 

{ii} MOLECULE TYPE: 



(xi) SLQUENCE DESCRIPTION: SEQ 10 MO: IS 
FGCACACCAC GACAArCAfC A 
(2) TNFORMAIION FOR SZQ ID NO: 16: 

(i) SEQUENCE CHARACTERISnCS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANOEONESS: single 
(0) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: 
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(xi) SEQUENCE OESCRIPflON: SEQ [0 NO: 16: 
rrG>\rGrAGG gcaogaggaa 

(2) INrORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEONESS: single 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 



SEQUENCE DESCRIPTION: SEQ 10 NO: 17: 

GCAAGTCTCT GCCAAGCGCA A 

(2) INFORMATION FOR SEQ 10 MO: 18: 

(i) SEQUENCE Cl^RACTERISTICS: 
(A) LENGTH: 21 base pairs 
(8) TYPE: nucleic acid 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: 



{a\) SEQUENCE OESCRIPnON: SEQ 10 NO: 18: 

iGAlGArTGT CGTGGIGTGC A 

{?.} INFORMAFION F'OR 3F.0 il) N0:1'^: 

(i) SEQUENCE CHARACrERI S I K : 
(A) LENGTH: 20 b,ise p^Jrs 
(6) TYPE: nucleic acid 

(C) STRANDEONESS: sin<;)p 

(D) TOPOLOGY: 1 inear 



(it) MOLtLULL fYPt: 
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(xi) SEQUENCE OESCRIPTION: SEQ 10 NO: 19: 

TTCCACArcr FcrrccrccT 

(2) INFORMATION FOR SEQ ID N0:20: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 20 base pairs 
(8) TYPE: nucleic acid 
(C) STRANDEONESS: singie 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 



(xi) SEQUENCE OESCRIPTION: SEQ 10 N0:20: 

CTACATCAAC CCAGATCTCT 

(2) INFORMATION FOR SEQ 10 NO: 21: 

(i) SEQUENCE CHARACTFRrSrrCS: 
(A) LENGTH: 18 base pairs 
(0) TYPE: nucleic acid 
(C) STRANDEONESS: single 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 



(xi) SEQUENCE OESCRIPTION: SKQ ID NO : 2 1 : 

t 

TCICTACCTG AAGAAGTr 

(?) iNFORMAFION FOR SEQ ID UO:?.?,: 

(i) SEQUENCE CltARACTERISi ICS: 
(A) LENGTH: 2) base pairs 
(0) TYPE: nucleic acid 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: 



EP 0 510 878 A1 



(xi) SEQUENCE DESCRIPTION: SEQ 10 N0:22: 

CA>\GGArGGA ATGTTTTCCC T 

(2) INFORMATION FOR SEQ 10 N0:23: 

(U SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 32 base pairs 
(8) TYPE: nucleic acid 
(C) STRANOEDNESS: single 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 



(xi) SEQUENCE DESCRIPTION; SEQ ID NO:23: 
GACATGCGGC CGCAACCCAT ACTGACCCTT TT 



(2) INFORMATION FOR SEQ ID. M0:2^: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 20 base pairs 
(n) TYPE: nucleic acid 
(C) STRANOEDNESS: single 
(0) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: 



(yi) SEQUENCE OESrR[Pr[ON: SEQ in N0:2^; 

CCTCCrGICI GGCrriAGA/i 

(2) [NFORMAUOM FOR SFQ ID N0:2S: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: b.ise pair-, 
{B) TYPE: nucleic acid 
(C) SIRANOLONhSS: sm^jtp 
(0) TOPOLOGY: linear 

( i i ) MOLECULE TYPC: 
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10 



15 



20 



25 



(xi) SEQUENCE DESCRIPTION: SEQ 10 N0:25: 
GCGCAGAATT CGTGTAOVGA TAGTAGGCTT 30 

(2) INFORMATION FOR SEQ 10 N0:26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1224 base pairs 

(B) TYPE: nucleic acid 

(C) STRANOEDNESS: single 
(0) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: 



(xi) SCqUENCC oeSCRIPTION: SEQ 10 N0:26: 

ATGGATAA CGTCCTCCCG MO 

GTGGACTCAG ACCTCTCCCC AAACATCTCC ACTAACACCT CGGAACCCAA TCAGTfCGTG ^:00 

CAACCAGCCr GGCAAATTGT CCTTTGGGCA GCTGCCTACA CGGTCATTGT GGTGACCTCT 260 

GTGGTGGGCA ACGTGGTAGT GATGTGGATC ATCTTAGCCC ACAAAAGAAT GAGGACAGTG 320 

ACGAACTATT TTCTGGTGAA CCTGGCCTTC GCGGAGGCCT CCATGGCTGC ATfCAATACA 380 

^0 . GTGGTGAACT TCACCTATGC TGTCCACAAC GAATGGTACT ACGGCCTGTT CTACrGCAAG ^^0 

irCCACAACT TCTTCCCCAT CGCCGCTGTC TTCGCCAGTA TCTACTCCAr GACGGCTGTG 500 

GCCrTTGAfA GGTACAfGGC CATCATACAT CCCCTCCAGC CCCGGCTGTC AGCCACAGCC ^60 

35 

ACCAAAGfGG TCATCTGrGf CATCTGCCrC CrGGCTCrCC rGCrGGCCrT CCCCCAGGGC bZO 

TArrACrCAA CCACAGAGAC CATGCCCAGC AGAGTCGTGT GCATGATCGA AFGGCCAGAG 680 

40 CArcrGA.\CA AGATirArGA GAAAGTGTAC CACaTCTGTG FGACrGTGCT GATCtACTTC 7^10 

CICCCCCIGC rGGTGArrGG CTAfGCATAC ACCGfAGTGG GA.;rCACACT ATGGGCCAGr 800 

GAGATCCCCG GGGACTCCTC rGACCGCTAC CACGAGCAAG TCTCTGCCAA GCGCAAGGTG 660 

45 

GTCAAAAFGA TGATTGTCGT GGTGTGCACC rrCGCCATCf GCfGCCTGCC CTTCCACATC 920 

rrCTTCCTCC tgccctacat CAACCCAGAT CTCTACCTGA AGAAGTTTAT CCAGCAGGTC 980 
TACCrGGCCA TCATGTGGCT GGCCATGaGC TCCACCATGT ACAACCCCAT CATCTACTGC 1040 
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w 



15 



20 



25 



30 



rCCCTCAArC ACAGCrrCCG FCTGCGCTTC AAGCATGCCT rCCGGTGCTG CCCCrrCATC 1100 

AGCGCCGGCG ACTATGAGGG GCTGGAAArC AAAICCACCC GGTATCTCCA GACCCAGGGC 1160 

AGTGrGTACA AAGTCAGCCG CCTGGAGACC ACCATCTCCA CAGTGGTGGG GGCCDVCGAG 1220 

GAGGAGCCAG AGGACGGCCC CAAGGCCACA CCCTCGTCCC TGGACCTGAC CTCCAACTGC 1280 

rCTTCACGAA GTGACTCCAA GACCATGACA GAGAGCTTCA GCTTCTCCTC CAATGTGCTC 1340 
rCCTAG 

(2) INFORMATION FOR SEQ 10 N0:27: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LCNGTH: 333 base pai r:; 

(B) TYPE: nticloi c acid 

(C) SlKANUtONESS: single 
(U) TOPOLOGY: linear 

( i i ) MOLECULE fYPE; 



1346 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:27: 

GCCA CAGGGCCTTT GGCAGGTGCA GCCCCCACTG CCTTTGACCT 1390 

GCCTCCCTTC ATGCATGGAA ATTCCCTT^ TCTGGAACCA TCAGAAACAC CCTCACACTG 1450 

GGACTTGCAA AAAGGGTCAG TATGGGTTAG GGAAAACAfT CCATCCTTGA GTCAAAAAAT 1510 

LlCAATTCff CCCrATCITT OCCACCCTCA TGCTGTGTGA CTCAAACCAA ATCACTGAAC 1570 

I 

^5 . rrrGCTGAGC CTGTAAAATA AAAGGTCGGA CCAGCTrrrC CCA/.\AGCCC AfTCArTCCA 1630 

TTflGC^AGT GACTTTGrXT GCArGrG>\GT GCTCAfTTCA GGATGAATT 1679 
(?) fNEnRf^ATlON FOR 3E0 10 NO: 20: 

40 

( i) SEQUENCE CHARAfTERlSTICS: 

(A) LENGTH: 13^16 base pairn 

(B) TYPE: nucleic acid 

(C) STRANOEONESS: single 
45 (0) TOPOLOGY: linear 

( i i ) MOLECULE I YHt: 



50 



55 
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(xi) StQULNCt OtSCRIPTION: SEQ 10 N0:28: 
GAAAAAGCCr TCCACCCTCC rGTCTGGCTT TAGAAGGACC CTGAGCCCCA GGCGCCACGA 
CAGGACTCTG CTGCAGAGGG GGGTTGTGTA CAGATAGTAG GGCTTTACCG CCrAGCTTCG 
AAATGGATAA CGTCCTCCCG GTGGACTCAG ACCTCTCCCC AAACATCTCC ACTAACACCT 
CGGAACCCAA TCAGTTCGTG CAACCAGCCT GGCAAATTGT CCTTTGGGCA GCTGCCTACA 
CGGTCATTGT GGTGACCTCT GTGGTGGGCA ACGTGGTAGT GATGTGGATC ATCTTAGCCC 
ACAAAAGAAT GAGGACAGTG ACGAACTATT TTCTGGTGAA CCTGGCCTrC GCGGAGGCCT 
CCArGGCTGC ATTCAATACA GTGGTGAACT TCACCTATGC TGTCCACAAC GAATGGTACT 
ACGGCCTGTT CTACTGCAAG TTCCACAACT TCTTCCCCAT CGCCGCTGTC TTCGCCAGTA 
TCrACTCCAT GACGGCTGTG GCCTTFGATA GGTACATGGC CATCATACAT CCCCTCCAGC 
CCCGGCTGTC AGCCACAGCC ACCAAAGTGG TCATCrGrGT CATCTGGGrC CTGGCrCTCC 
TGCTGGCCft CCCCCAGGGC TACTACTCAA CCACAGAGAC CATGCCCAGC AGAGTCGTGT 
GCATGATCGA ATGGCCAGAG CAfCCGAACA AGAfTrATGA GAAAGTGTAC CACATCTGTG 
TGACrGTGCr GAfCTACTTC CTCCCCCTGC rGGTGATfGG CTATGCATAC ACCGTAGTGG 
GAATCACACT ATGGGCCAGT GAGATCCCCG GGGACTCCTC TGACCGCTAC CACGAGCAAG 
rCrcrGCCAA GCGCAAGCrG GTCAAAATGA rGArrGTCGT GGTGTGCACC TTCGCCATCT 

GcrcGCTGcc CTfccACArc rrcrrccTCC rGCCCTACAr rAACCCAGAr CTcrAccroA 

AGAAGTriAT rCVGCAGGTC fACClGGCCA [CArGfijGi;! GGCCATGAGC fCCACGArGI 
ACAACCCCAT CArCTAClGC rGCCrCAATG ACAGGrrCCG rCrGGGCTTC AAGCATGCCT 
TCCGGTGCTG CCCCTTCATC AGCGCCGGCG ACrATGAGGG GCfGGAAATG AAATCCACCC 
GGfATCrCCA GACCCAGGGC AGTGTGrACA AAGTCAGGCG CCrGGAGACC ACCATCTCCA 
CAijfGGfGOG GGCCCACGAG GAGGAGCCAG AGGACGGCCC CAAGGCCaCA CCCrCGTCCC 
rGGACCTGAC CrCCAACrGC TCTTCACGAA GrCACTCCAA GACCATGACA GAGAGCrrCA 

Gcrrcrccrc caatgtgctc tcctag 
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{2) INFORMATION FOR SEQ [0 N0:29: 

(i) SEQUENCE CliAKACTERISTICS: 
5 (A) LENGTH: 407 amino acids 

(0) TYPE: amino acid 
(C) STRANDEDNESS: single 
(0) TOPOLOGY: linear 

W (li) MOLECULE TYPE: 



15 



20 



(xi) SEQUENCE DESCRIPTION: SEQ 10 N0:29: 

Met Asp Asn Val Leu Pro Val Asp Ser Asp Leu Ser Pro Asn He Ser 
1 5 10 15 

Thr Asn Thr Ser Glu Pro Asn Gin Phe Val Gin Pro Ala Trp Gin [le 
20 25 30 

Val Leu Trp Ala Ala Ala Tyr Thr Val He Val Val Thr Ser Val Val 

3S 40 45 

Gly Asn Val Val Val Mol Trp He He Leu Ala His Lys Arg Met Arg 
50 55 60 

Thr Val Thr Ann Tyr Phe Leu Val Asn Leu Ala Phe Ala G1u Ala Ser 

05 70 80 

^0 Mot Ala Ala Phe Asn rhr Val Val Asn Phe Thr Tyr Ala Vd1 ilis A-.n 

f55 

Glu Trp Tyr Tyr Gly Lou Phe Tyr Cys Lys Phe His Asn Phe Ph.^ Pro 

100 >05 . no 

35 _ i 

Ilo Ala Ala Val Ph.> Ala Ser lie Tyr -.or M^t Ihr Ala Val Ala Phe 

US IZO 1^5 

Asp Arq Tyr Met Ala He Ho His Pro Leu r,ln Pro Ar<^ Leu Ser Ala 

40 130 1'^'^ ^"^^ 

Thr Ala Thr Lys Val Val Hp Lys Val He Trp Vai Leu Ala Leu Leu 
145 '50 ibb '60 



45 



Leu Ala Phe Pro Gin Gly Tyr Tyr Ser Fhr Thr Glu Thr Met Pro Ser , 
1G5 "0 

Arg Val Val Cys Met He Glu Trp Pro Glu Hi^ Pro Asn Lys He Tyr 
180 185 190 



50 



55 



99 



i 
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10 



Glu Lys Val Tyr His He Cys Val Thr Val Leu [le Tyr Phe Leu Pro 

195 200 Z05 

Leu Leu Val He Gly Tyr AU Tyr Thr Val Val Gly lie fhr Leu Trp 
210 215 220 

Ala Ser Glu lie Pro Gly Asp Ser Ser Asp Arg Tyr His Glu Gin Val 

225 230 235 240 

Ser Ala Lys Arg Lys Val Val Lys Met Het He Val Val Val Cys Thr 
245 250 255 



15 



Phe Ala He Cys frp Leu Pro Phe His He Phe Phe Leu Leu Pro Tyr 

260 265 270 



He Asn Pro Asp Leu Tyr Leu Lys Lys Phe He Gin Gin Val Tyr Leu 
275 280 285 



20 



Ala He Met Trp Leu Ala Met Ser Ser Thr Met Tyr Asn Pro He lie 

290 295 300 



Tyr Cys Cys Lou A-n Asp Arg Phe Arg Leu Gly Pho LyG Hie Ala Phe 
:^05 310 315 320 

Arq Cys Cys Pro Phe He Ser Ala Gly Asp Tyr Glu Gly Leu Glu Met 

325 330 335 

Lys Ser Thr Arg Tyr Leu Gin Thr Gin Gly Ser V.il Tyr Lys Val Ser 
340 345 350 

Arg Leu Glu Thr Thr He Ser Thr Val Val Giy Ala His Glu Glu Glu 

35S ibO 365 



35 



Pro Glu Asp Gly Pt o Ly'> Aid flw Pro S.m 
370 375 



A -j p ^ 'J Thr J e r 



A*;n Cys Ser S^r Arg S^r Asp S^r Ly; Thr m.U Thr Gl.j S-t Ph-: Sor 
335 390 .:oO 

Phe Ser Ser Asn Val Leu Ser 
405 



(2) [NFORMATION FOR SEQ 10 N0:30: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LLNGTH: Ib/y base pairs 

(B) TYPE: nucleic acid 

(C) STRANOEDNESS; single 
(0) TOPOLOGY: linear 



55 



EP 0 510 878 A1 



10 



15 



20 



25 



( i i ) MOLECULE TYPE: 

(xi) SEQUENCE DESCRIPTION: SEQ 10 N0:30: 

GAAAAAGCCT TCCACCCTCC TGTCTGGCTT TAGAAGGACC CTGAGCCCCA GGCGCCACGA 60 

CAGGACTCTG CTGCAGAGGG GGGTTGTGTA CAGATAGTAG GGCTTTACCG CCTAGCTTCG 120 

AAATGGATAA CGTCCTCCCG GTGGACTCAG ACCTCTCCCC AAACAfCTCC ACTAACACCT 180 

CGGAACCCAA TCAGTTCGrC CAACCAGCCT GGCAAATTGT CCTTTGGGCA GCTGCCTACA 240 

CGGrCATTGT GGTGACCTCT GTGGTGGGCA ACGTGGTAGT GATGTGGArC AKTTAGCCC 300 

AC/JVAAGAAT GAGGACAGrG ACGAACTArr frCTGGTGAA CCTGGCCTTC GCGGAGGCCT 350 

CCATGGCTGC ATTCAATACA GTGGTGAACT TCACCTATGC TGTCCACAAC GA;\TGGTACT 420 

ACGGCCTGTT CTACTGCAAG TTCCACAACT rCTrCCCCAT CGCCGCTGTC TTCGCCAGTA 480 

rCTACrCCAI GACGGCTGTG GCCrrtGArA GGIACArGGC CATCATACAT CCCCTCCAGC 540 

CCCGGCTGTC AGCCACAGCC ACCAAAGTGG rCAfCrGTGr CAfCrGGGrC CTGGCrCTCC 600 

rGCTGGCCTT CCCCCAGGGC TACTACrCAA CCACAGAGAC CATGCCCAGC AGAGTCGTGT 660 

GCArG>\rCGA ATGGCCAGAG CATCCGA.;CA AGATTTArGA GA/^>^G^G^AC CACArCTGTG 720 

TGACTGTGCT GATCTACTTC CrCCCCCrGC TGGrGATTGG CTATGCATAC ACCGTAGTGG 780 

C^AAICACACr ArGGGCCAGT GA(:i/\rCCC:G GGG/'-:rCCrC rG>\CCGCTAC CACG>^GCAAG 040 

rcrrrGCCAA GCGCAACGrG gfcaaaaig;^ iGArrGrcGr GGrGrr,cACC ttcgccatct 900 

GcrGGcrccc crrccACArc rrcrrccrcc rGCCcrACAi CAACCCAGAr crcTACCiGA ')60 

AGAAGfTfAr CCAGCAGGTC TACCrGGCCA rCATGrGGCr GGCCATGAGC fCCACCArGT 1020 

40 

ACAACCCCAT CATCrACTGC TGCCfrAATG ACAGGTrCCG TCrGGGCTfC AAGCATGCCT 1080 

rccGGrccTG ccccrrcATc agcgccggcg actatgaggg gciGgaaatg aaatccaccc ii40 

45 OGfArcrCCA GACCCAGGGC AOrGfGTACA AAGTCAGCCG CCrGGAGACC ACCATCrCCA .*^200 

CAGTGGTGGG GGCCCACGAG GAGGAGCCAG AGGACGGCCC CAi\GGCCACA CCCTCGFCCC 1260 

IGGACCTGAC CTCCAACTGC rCTTCACGAA GrGACrCCAA GACCATGACA GAGAGCTTCA 1320 

50 



30 



55 



7d 
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GCTTCTCCTC CAATGrGCTC TCCTAGGCCA 
CCTTTGACCT GCCTCCCTTC ATGCATGCAA 
CCTCACACTG GGACTTGCAA AAAGGGTCAG 
GTCAAAAAAT CTCAArTCTT CCCTAfCnT 
ATCACTGAAC TTTGCTGAGC CTGTAAAATA 
ArrCATTCCA TTCTGGAAGT GACTTTGGCT 



CAGGGCCTTT GGCAGGTGCA GCCCCCACrG 

ArrcccrrcA tctggaacca tcagaaacac 

TATGGGTTAG GGAAAACATT CCATCCTTGA 
GCCACCCTCA TGCTGTGTGA CTCAAACCAA 
AAAGGTCGGA CCAGCTTTTC CCAAAAGCCC 
GCATGCGAGT GCTCATTTCA GGATGAATT 



9^ 



EP 0 510 878 A1 



Claims 

1. A human neurokinin-l receptor, the receptor being substantially free of other-human receptor proteins. 

2. A protein corresponding to the amino acid sequence of human neurokinin-l receptor, the protein consisting 
of 407 , amino acids. 

3. A protein corresponding to the amino acid sequence which is: 



10 

Met Asp Asn Val Leu Pro Val Asp Ser Asp Leu Ser Pro Asn He Ser Thr Asn 



Thr 



20 
Ser 



30 

Glu Pro Asn Gin Phe Val Gin Pro Ala Trp Gin He Val Leu Trp Ala Ala Ala 



Tyr 



40 
Thr 



50 

Val He Vat Val Thr Ser Val Val Gly Asn Val Val Val Met Trp He He Leu 



Ala 



60 
His 



70 

Lys Arg Met Arg Thr Val Thr Asn Tyr Phe Leu Val Asn Leu Ala Phe Ala Glu 



Ala 



80 
Ser 



90 

Met Ala Ala Phe Asn Th> Val Val Asn Phe Thr Tyr Ala Val His Asn Glu Trp 



Tyr 



100 
Tyr 
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no 120 
Gly Leu Phe Tyr Cys Lys Phe His Asn Phe Phe Pro He Ala Ala Val Phe Ala Ser He 

130 140 
Tyr Ser Met Thr Ala Val Ala Phe Asp Arg Tyr Met Ala He He His Pro Leu Gin Pro 

150 160 
Arg Leu Ser Ala Thr Ala Thr Lys Val Val He Cys Val He Trp Val Leu Ala Leu Leu 

170 180 
Leu Ala Phe Pro G1n Gly Tyr Tyr Ser Thr Thr Glu Thr Met Pro Ser Arg Val Val Cys 

190 200 
Met He Glu Trp Pro Glu His Pro Asn Lys He Tyr Glu Lys Val Tyr His tie Cys Val 

210 220 
Thr Val Leu He Tyr Phe Leu Pro Leu Leu Val He Gly Tyr Ala Tyr Thr Val Val G1y 

230 240 
He Thr Leu Trp Ala Ser Glu He Pro Gly Asp Ser Ser Asp Arg Tyr His Glu Gin Val 

, . .. , ... . 250 __ . „ , _ , _ _ 260 

Ser Ala Lys Arg Lys'Val Val Lys Met Met He Val Val Val Cys Thr Phe Ala He Cys 

270 280 
Trp Leu Pro Phe His He Phe Phe Leu Leu Pro Tyr He Asn Pro Asp Leu Tyr Leu Lys 

290 300 
Lys Phe He Gin Gin Val Tyr Leu Ala He Met Trp Leu Ala Met Ser Ser Thr Met Tyr 

310 320 
Asn Pro He He Tyr Cys Cys Leu Asn Asp Arg Phe Arg Leu Gly Phe Lys His Ala Phe 

330 340 
Arg Cys Cys Pro Phe He Ser Ala Gly Asp Tyr Glu Gly Leu Glu Met Lys Ser Thr Arg 

350 360 
Tyr Leu Gin Thr Gin Gly Ser Val Tyr Lys Val Ser Arg Leu Glu Thr Thr He Ser Thr 

370 380 
Val Val Gly Ala His Glu Glu Glu Pro Glu Asp Gly Pro Lys Ala Thr Pro Ser Ser Leu 

390 400 
Asp Leu Thr Ser Asn Cys Ser Ser Arg Ser Asp Ser Lys Thr Met Thr Glu Ser Phe Ser 

407 

Phe Ser Ser Asn Val Leu Ser , 

A DNA sequence, encoding human neurokin-l receptor, the sequence being free of other human DNA 
quences. 

A DNA sequence comprising the sequence which is; 
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130 140 
ATGGATAA CGTCCTCCCG 

150 160 170 180 190 200 210 

^ GTGGACTCAG ACCTCTCCCC AAACATCTCC ACTAACACCT CGGAACCCAA TCAGTTCGTG CAACCAGCCT 

220 230 240 250 260 270 280 

GGCAAATT6T CCTTTGGGCA GCTGCCTACA CGGTCATTGT GGTGACCTCT GTGGTGGGCA ACGTGGTAGT 

290 300 310 320 330 340 350 

GATGTGGATC ATCTTAGCCC ACAAAAGAAT GAGGACAGTG ACGAACTATT TTCTGGTGAA CCTGGCCTTC 

360 370 380 390 400 410 420 

GCGGAGGCCT CCATGGCTGC ATTCAATACA GTG6TGAACT TCACCTATGC T6TCCACAAC GAATGGTACT 

15 

430 440 4S0 460 470 480 490 

ACGGCCTGTT CTACT6CAAG TTCCACAACT TCTTCCCCAT CGCCGCTGTC TTCGCCAGTA TCTACTCCAT 

500 510 520 530 540 550 560 

20 GACGGCTGTG GCCTTTGATA GGTACATGGC CATCATACAT CCCCTCCAGC CCCGGCTGTC AGCCACAGCC 

570 580 590 600 610 620 630 

ACCAAAGTGG TCATCTGTGT CATCTGGGTC CTGGCTCTCC TGCTGGCCTT CCCCCAGGGC TACTACTCAA 

25 640 6 50 660 67 0 680 690 700 

CCACA6AGAC CATGCCCAGC AGAGTCGTGT GCATGATCGA ATGGCCAGAG CATCCGAACA AGATTTATGA 



710 720 730 740 750 760 770 

GAAAGTGTAC CACATCTGTG TGACTGTGCT GATCTACTTC CTCCCCCTGC TGGTGATTGG CTATGCATAC 

30 

780 790 800 810 820 830 840 

ACCGTAGTGG GAATCACACT ATGGGCCAGT GAGATCCCCG GGGACTCCTC TGACCGCTAC CACGAGCAAG 

850 860 870 880 890 900 910 

'^^ TcrcTGCCAA gcgcaagItg gtcaaaatga tgattgtcgt ggtgtgcacc ttcgccatct gctggctgcc 

920 930 940 950 960 970 980 

CTTCCACATC TTCTTCCTCC TGCCCTACAT CAACCCAGAT CTCTACCTGA AGAAGTTTAT CCAGCAGGTC 

-io 990 1000 1010 1020 1030 1040 1050 

TACCTGGCCA TCATGTGGCT GGCCATGAGC TCCACCATGT ACAACCCCAT CATCTACT6C TGCCTCAATG 

1060 1070 1080 1090 1100 1110 1120 

ACAGGTTCCG TCTGGGCTTC AAGCAT6CCT TCCGGTGCTG CCCCTTCATC AGCGCCGGCG ACTATGAGGG 

45 

1130 1140 1150 1160 1170 1180 1190 

GCTGGAAATG AAATCCACCC GGTATCTCCA GACCCAG6GC AGTGTGTACA AAGTCAGCCG CCTG6AGACC 

1200 1210 1220 1230 1240 1250 1260 

50 ACCATCTCCA CAGTGGTGGG GGCCCACGAG GAGGAGCCAG AGGACGGCCC CAA6GCCACA CCCTC6TCCC 

1270 1280 1290 1300 1310 1320 1330 

TGGACCTGAC CTCCAACTGC TCTTCACGAA GTGACTCCAA GACCATGACA GAGAGCTTCA GCTTCTCCTC 

55 1340 1346 

CAATGTGCTC TCCTAG 



or a degenerate variation thereof. 
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The DNA sequence of Claim 5 further comprising the sequence which is: 

10 20 30 40 50 60 70 

GAAAAAGCCT TCCACCCTCC TGTCTGGCTT TAGAAGGACC CT6AGCCCCA G6CGCCACGA CAGGACTCTG 

80 90 100 no ^zo 122 

CTGCAGAGGG GGGTTGTGTA CA6ATAGTAG GGCTTTACCG CCTAGCTTCG AA 
or a degenerate variation thereof. 

The DNA sequence of Claim 6 further comprising the sequence which is: 





1350 


1360 


1370 


1380 


1390 


1400 




GCCA 


CAGGGCCTTT 


GGCAGGTGCA 


GCCCCCACTG 


CCTTTGACCT 


GCCTCCCTTC 


1410 


1420 


1430 


1440 


1450 


1460 


1470 


ATGCATGGAA 


ATTCCCTTCA 


TCTGGAACCA 


TCAGAAACAC 


CCTCACACTG 


GGACTT6CAA 


AAAGGGTCAG 


1480 


1490 


1500 


1510 


1520 


1530 


1540 


TATGGGTTAG 


GGAAAACATT 


CCATCCTTGA 


GTCAAAAAAT 


CTCAATTCTT 


CCCTATCTTT 


GCCACCCTCA 


1550 


1560 


1570 


" 1580 


1590 


1600 


1610 


TGCT6TGTGA 


CTCAAACCAA 


ATCACTGAAC 


TTTGCTGA6C 


CT6TAAAATA 


AAAGGTCGGA 


CCAGCTTTTC 


1620 


1630 


1640 


1650 


1660 


1670 


1679 


CCAAAAGCCC 


ATTCATTCCA 


TTCTGGAAGT 


GACTTTGGCT 


GCATGCGAGT 


GCTCATTTCA 


G6ATGAATT 



or a degenerate variation thereof. 

A plasmid which comprises: 

(a) a mammalian expression vector, and 

(b) a base sequence encoding human neurokinin-! receptor protein. 

A method of using a Chinese hamster ovarian cell line (CHO). the cell line transplanted with a plasmid, 
which plasmid comprises: 

(a) a mammalian expression vector, and 

(b) a base sequence encoding human neurokinin-l receptor protein, 
the method which comprises: 

(t) expressing human neurokinin-l receptor in the CHO cells; 

(2) adding a test sample to a solution containing '25|.substance P and the CHO cells; 

(3) incubating the products of Step 2, wherein the incubation is effective for competitive binding of the 
'25|-substance P and the test sample to the human neurokinin-! receptor; 

(4) separating the '25|. substance P which is bound to the human neurokinin-! receptor from the '25|,sub- 
stance P which is not bound; 

(4) measuring the amount of the '^sj-substance P which is bound to the human neurokinin-! receptor. 

A method of using a Chinese hamster ovarian cell line (CHO). the line transplanted with a plasmid. which 
plasmid comprises: 

(a) a mammalian expression vector, and 

(b) a base sequence encoding human neurokinin-l receptor protein, 
the method which comprises: 

(1) expressing human neurokinin-l receptor in the CHO cells; 

(2) equilibrating the product of Step (!) with ^H-myoinositol: 

(3) washing the product of Step (2); 

(4) incubating the product of Step (3) with a test sample in the presence of aqueous LiCI, resulting in 
the production of ^H-inositol monophosphate; 

(5) measuring the ^H-inositol monophosphate. 
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FIGURE 1 



10 20 

Met Asp Asn Val Leu Pro Val Asp Ser Asp Leu Ser Pro Asn lie Ser Thr Asn Thr Ser 

30 40 

Glu Pro Asn Gin Phe Val Gin Pro Ala Trp Gin He Val Leu Trp Ala Ala Ala Tyr Thr 

50 60 

Val He Val Val Thr Ser Val Val Gly Asn Val Val Val Met Trp He He Leu Ala His 

70 " 80 

Lys Arg Met Arg Thr Val Thr Asn Tyr Phe Leu Val Asn Leu Ala Phe Ala Glu Ala Ser 

90 100 

Met Ala Ala Phe Asn Thr Val Val Asn Phe Thr Tyr Ala Val His Asn Glu Trp Tyr Tyr 

110 120 

Cly Leu Phe Tyr Cys Lys Phe His Asn Phe Phe Pro He Ala Ala Val Phe Ala Ser He 

130 lAO 

Tyr Ser Met Thr Ala Val Ala Phe Asp Arg Tyr Met Ala He He His Pro Leu Gin Pro 

150 160 

Arg Leu Ser Ala Thr Ala Thr Lys Val Val He Cys Val He Trp Val (J-eu Ala Leu Leu 

170 180 

Leu Ala Phe Pro Cln Gly Tyr Tyr Ser Thr Thr Glu Thr Met Pro Ser Arg Val Val Cys 

190 200 

Met He Glu Trp Pro Glu His Pro Asn Lys He Tyr Glu Lys Val Tyr His He Cys Val 

210 220 

Thr Val Leu He Tyr Phe Leu Pro Leu Leu Val He Gly Tyr Ala Tyr Thr Val Val Cly 

230 240 

He Thr Leu Trp Ala Ser Glu He Pro Gly Asp Ser Ser Asp Arg Tyr His Glu GTn Val 

250 260 

Ser Ala Lys Arg Lys Val Val Lys Met Met He Val Val Val Cys Thr Phe Ala He Cys 



30 
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FIGURE 1 (continued) 

270 280 

Trp Leu Pro Phe His lie Phe Phe Leu Leu Pro Tyr He Asn Pro Asp Leu Tyr Leu Lys 

290 300 

Lys Phe lie Gin Cln Val Tyr Leu Ala He Met Trp Leu Ala Met Ser Ser Thr Met Tyr 

310 320 

Asn Pro lie lie Tyr Cys Cys Leu Asn Asp Arg Phe Arg Leu Cly Phe Lys His Ala Phe 

330 3^0 

Arg Cys Cys Pro Phe He Ser Ala Cly Asp Tyr Clu Cly Leu Clu Met Lys Ser Thr Arg 



350 360 

Tyr Leu Gin ThrjjGln Cly Ser Val Tyr Lys Val Ser Arg Leu Clu Thr Thr lie Ser Thr 

370 380 

Val Val Cly Ala His Clu Clu Clu Pro Clu Asp Cly Pro Lys Ala Thr Pro Ser Ser Leu 

390 400 

Asp Leu Thr Ser Asn Cys Ser Ser Arg Ser Asp Ser Lys Thr Met Thr Clu Ser Phe Ser 

407 

Phe Ser Ser Asn Val Leu Ser 
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FIGURE 2 



10 20 30 ^0 50 60 70 

GAAAAACCCT TCCACCCTCC TGTCTCGCTT TAGAACCACC CTGAGCCCCA CCCGCCACCA CAGCACTCTG 

80 90 100 110 120 130 140 

CTGCAGAGCC GGGTTGTGTA CAGATAGTAG GGCTTTACCC CCTAGCTTCC AAATCGATAA CCTCCTCCCC 

150 160 170 180 190 200 210 

GTGGACTCAG ACCTCTCCCC AAACATCTCC ACTAACACCT CGCAACCCAA TCAGTTCCTG CAACCAGCCT 

220 230 240 250 260 270 280 

GGCAAATTCT CCTTTGCGCA GCTGCCTACA CGCTCATTGT CGTCACCTCT GTCGTGGGCA ACCTCCTAGT 

290 300 310 320 330 340 350 

CATGTGCATC ATCTTACCCC ACAAAAGAAT GACGACACTC ACCAACTATT TTCTCGTGAA CCTGGCCTTC 

360 370 380 390 400 410 420 

GCGGAGCCCT CCATCGCTGC ATTCAATACA CTGCTGAACT TCACCTATCC TCTCCACAAC GAATCGTACT 

^30 440 450 460 470 480 490 

ACGGCCTCTT CTACTGCAAG TTCCACAACT TCTTCCCCAT CCCCGCTCTC TTCGCCAGTA TCTACTCCAT 

500 510 520 530 540 550 560 

CACGGCTGTG GCCTTTCATA CGTACATGGC CATCATACAT CCCCTCCACC CCCCGCTGTC ACCCACAGCC 

570 580 590 600 610 620 630 

ACCAAAGTCG TCATCTCTCT CATCTCGGTC CTGGCTCTCC TGCTGCCCTT CCCCCAGGCC TACTACTCAA 

6^0 650 660 670 680 690 700 

CCACACAGAC CATGCCCAGC AGAGTCGTGT GCATCATCGA ATGGCCACAC CATCCGAACA AGATTTATGA 

710 720 730 740 750 760 770 

GAAAGTGTAC CACATCTGTC TCACTCTGCT GATCTACTTC CTCCCCCTCC TGCTGATTGC CTATCCATAC 

780 790 800 810 820 830 840 

ACCGTAGTGC GAATCACACT ATGCGCCAGT CAGATCCCCC GCGACTCCTC TGACCGCTAC CACCAGCAAC 

850 860 870 880 890 900 910 

TCTCTCCCAA GCCCAAGGTG CTCAAAATGA TGATTGTCCT CCTCTGCACC TTCGCCATCT GCTCCCTGCC 
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FIGURE 2 (continued) 



520 930 9^0 950 960 970 980 

CTTCCACATC TTCTTCCTCC TGCCCTACAT CAACCCACAT CTCTACCTCA AGAACTTTAT CCACCACCTC 

990 1000 1010 1020 1030 10^0 1050 

TACCTCGCCA TCATCTCGCT CGCCATCAGC TCCACCATGT ACAACCCCAT CATCTACTCC TGCCTCAATG 



1060 1070 1080 1090 1100 1110 1120 

ACACGTTCCC TCTCGCCTTC AACCATCCC.T..TCCCCTCCTG CCCCTTCATC ACCGCCCGCG ACTATGAGGC 

11^0 1140 1150 1160 1170 1180 1190 

CCTCCAAATC AAATCCACCC CCTATCTCCA CACCCAGGCC AGTCTGTACA AACTCACCCG CCTCGACACC 



1200 1210 1220 1230 1240 1250 1260 

ACCATCTCCA CACTGCTCCC GCCCCACCAC GAGGAGCCAC ACCACCGCCC CAACCCCACA CCCTCGTCCC 



1270- 1280 1290 1300 1310 1320 1330 

TGGACCTCAC CTCCAACTGC TCTTCACCAA CTCACTCCAA CACCATCACA GAGAGCTTCA CCTTCTCCTC 

I 

l^^O 1350 1360 1370 1380 1390 1400 

CAATGTCCTC TCCTACCCCA CAGCCCCTTT CCCAGGTCCA CCCCCCACTG CCTTTGACCT CCCTCCCTTC 



1^10 1^20 1430 KAO 1450 1460 1470 

ATCCATGGAA ATTCCCTTCA TCTCGAACCA TCAGAAACAC CCTCACACTG GGACTTGCAA AAAGCCTCAG 

1^80 1490 1500 1510 1520 1530 1540 

TATCGCTTAG GCAAAACATT CCATCCTTGA GTCAAAAAAT CTCAATTCTT CCCTATCTTT GCCACCCTCA 

1550 1560 1570 1580 1590 1600 1610 

TCCTGTGTCA CTCAAACCAA ATCACTGAAC TTTGCTCACC CTCTAAAATA AAACGTCCGA CCAGCTTTTC 

1620 1630 1640 1650 1660 1670 1679 

CCAAAAGCCC ATTCATTCCA TTCTGGAACT GACTTTGCCT GCATCCCACT GCTCATTTCA CCATGAATT 
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FIGURE 3 



Human NK^R 




[Ligand], M 
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